F
or the past several decades, the field of cancer genetics has really been two fields. Medical geneticists and genetic counselors use the term to describe inherited susceptibility to cancer and the identification of constitutional mutations, which convey this risk. Alternatively, many pathologists, oncologists, and molecular biologists use the term to describe the multitude of genetic changes that occur in the tumor cell itself. Even among the American Board of Medical Genetics laboratory specialties, molecular diagnosticians have focused on inherited mutations, e.g., sequencing DNA from blood for tumor suppressor gene mutations, whereas cytogeneticists and molecular pathologists characterize translocations, copy number changes, and specific oncogenic missense mutations in tumor specimens.
This dichotomy is breaking down. Like most things in cancer genetics, one can always start with retinoblastoma. The determination as to whether a patient with unilateral retinoblastoma has the hereditary form is founded on analysis of the tumor specimen to identify both RB1 inactivating events. 1 This information is then used to inform analysis of the blood, e.g., if the RB1 promoter undergoes biallelic methylation, then analysis of the blood is not indicated. The wealth of data from the Cancer Genome Anatomy project (TCGA) analysis of glioblastoma reveals that somatic mutations in susceptibility genes like RB1 are more frequent than first realized. 2 As next generation sequencing becomes increasingly available, practitioners of all types will need to consider both the constitutional and cancer genome when making clinical decisions. Described here are some examples of how medical geneticists are beginning to incorporate cancer genome data into clinical practice. Analysis of relatively rare gastrointestinal tumors demonstrates the interaction between genes in the same signaling pathway. Molecular pathologists have demonstrated that a substantial portion of both hepatoblastoma and desmoid tumors contain mutations that impact WNT signaling. 3 In the majority of cases, these mutations are specific exon 3 missense mutations in the CTNNB1 gene encoding ␤-CATENIN. 4 In contrast, work on hereditary tumors has demonstrated that a subset of patients with these tumors (perhaps 10 -15%) harbor germline mutations in the APC gene even if other clinical features of familial adenomatous polyposis are not yet evident. 5 Thus, diagnostic sequencing of the blood for mutations in APC has been recommended for all children with these tumors. 5 APC and ␤-CATENIN proteins function in the same pathway where APC regulates the availability of ␤-CATENIN. More recently, an inverse relationship between somatic CTNNB1 mutation and constitutional APC mutation in desmoid and hepatoblastoma tumors has been established. 4, 6 If the tumor contains a somatic mutation in CTNNB1, then constitutional APC mutations are not found. So now when I am referred a child with one of these tumors, my first step is to find what the molecular pathology of the tumor showed. If one of the recurrent CTNNB1 missense somatic mutations is found, then the much more expensive comprehensive analysis of APC from the blood is generally not indicated. There are many other examples of a given tumor type requiring disruption of only one gene in a pathway. Juvenile myelomonocytic leukemia can result from inheriting a mutation in the NF1 or CBL gene or somatic mutation of the Ras signaling pathway including mutations in the PTPN11, NRAS, KRAS, or ASXL1 genes (Fig. 1) . 7 Large-scale genome analysis of glioblastomas demonstrate that for a given signaling pathway, brain tumors contain a variety of different mutational hits but any given tumor contains on average disruption of one gene in the pathway. 2 Thus, we need to think about analysis of key signaling pathways involved in tumor development and distinguish when the initial lesion is an inherited mutation or results from a somatic event.
Colon cancer is one of the best examples of where population-based molecular analysis of all tumors has been initiated by geneticists, oncologists, gastroenterologists, and pathologists based on knowledge of Lynch syndrome (hereditary nonpolyposis colon cancer) and the microsatellite instability (MIN) that results from defects in mismatch repair genes. The presence of MIN or the lack of expression of one of the proteins detected by immunohistochemistry is used to decide upon further molecular analyses and whether germline testing is required. 8 But colon cancer also demonstrates inverse relationships between germline and somatic mutations that can not be easily understood by simple pathway analysis. Approximately, 40% of MIN tumors harbor specific missense mutations in the BRAF oncogene. 9, 10 For reasons that are not clearly understood, tumors with somatic BRAF mutations almost never derive from patients with Lynch syndrome. BRAF mutations are seen in tumors with somatic methylation of MLH1 and the BRAF mutations may be an early event that is associated with abnormal methylation of multiple genes in the tumor. 11 Therefore, current recommendations for molecular diagnosis of colon cancer include MIN or immunohistochemistry analysis combined with BRAF mutation status to decide whether susceptibility testing is indicated. Thus, the results of the tumor analysis impact prognosis and treatment decisions (e.g., 5-fluoruracil is less effective in MIN patients) whereas the results of germline testing impact cancer surveillance for the patient and identification of at-risk family members. 11, 12 Clearly, we are entering the era of comprehensive molecular analysis. This includes examining tumors for sequence changes, abnormal methylation, rearrangement (translocations and fusions), and copy number changes. The ALK proto-oncogene is an example of a single gene that undergoes multiple different mechanisms of activation in both the germline and somatically in tumors that range from neuroblastoma to lung cancer. 13 Increasingly, sophisticated analysis of the tumor genome will improve prediction of inherited susceptibility and will aid in distinguishing which rare constitutional variants are clinically relevant. To speed up the progress, there needs to be better communication among the range of practitioners and researchers working on this problem such that the term "cancer genetics" has one definition. 
